caused by deficient alpha-L iduronidase enzyme and consequent inability to metabolise 7 glycosaminoglycans (GAGs), which accumulate causing tissue dysfunction. 8
Children with MPS-IH are currently treated with hematopoietic stem cell transplantation 9 (HCT), which has reduced morbidity and mortality but not eliminated all disease burden. Post-HCT 10 enzyme activity in white cells is similar to that of healthy individuals and the accumulated GAGs 11 disappear or decrease. HCT halts cognitive decline; however, general learning problems persist with 12 post-HCT cognitive scores tending to be 1 SD lower than population mean (Eisengart et al 2013; 13 Aldenhoven et al 2015; Shapiro et al 2015) . 14 Few studies have investigated behaviour in children with MPS-IH. Krivit et al (1995) 15 suggested that children with MPS-IH only display behaviour problems later in their development. shown to report significantly higher stress levels than parents of healthy children (Cousino and 29 Hazen 2013). Furthermore, parental stress is associated with parental depression (Driscoll et al 30 2010) and child behaviour problems (Colletti et al 2008) . 31
The aim of this study was to investigate the behavioural phenotype of children with MPS-IH 32 compared to published norms and children with intellectual disability, with a specific focus on social 33 functioning and sleep. Parental stress was also examined. 34 
MPS-IH group 4
The majority of the children with MPS-IH diagnosis were recruited from the Northwest of England. 5
The parents/guardians of eligible children were sent a study pack including an introductory letter, 6 information sheet, consent form, parental questionnaires and a freepost envelope. If the 7 parents/guardians had not responded within four weeks, they were telephoned to check they had 8 received the questionnaire pack and to offer help in completing the questionnaires. Participants 9
were also recruited through the UK MPS Society. Participants were excluded if they were outside the 10 2.5-16 year age range or if the parents did not have sufficient English to complete the questionnaires 11 without an interpreter. computed to examine the rates of clinical scores on the SRS in the MPS-IH sample compared to 27 typically developing children. Regression analysis was used to investigate the relationship between 28 IQ and SRS total scores to check that the former was not a confounding variable. For the CBCL, raw 29 scores were used for normative comparisons, as T scores are truncated at 50 and therefore not 30 necessarily sensitive for variation at the low end of syndrome T scores or high end of competence T 31 scores. 32 33
Results 34
Thirty-five children were identified as eligible for the study from the clinical database; of these, 1 twenty-one were enrolled into the study (60%), with two more children with MPS-IH enrolled 2 through the MPS Society. Fifteen families expressed interest in participating in the control arm of the 3 study but as only nine completed the questionnaires, these data were not used and the scores of the 4 children with MPS-IH were compared to available norms. 5 6 ______________________ 7
Insert Table 1 about here  8   ______________________  9 10 Since the demographic information (age and gender) was available for all the eligible children in the 11 clinical database, it was possible to analyse whether the children whose parents were enrolled into 12 the study ("participants") were significantly different on these measures than the children whose 13 parents were not enrolled into the study ("non-participants). This analysis was not possible for the 14 MPS Society recruits as the demographics of potential participants were not available. Of the five subscales of the SRS, the social cognition subscale had the highest percentage of children 31 scoring in the severe range. 32
33
A multiple regression analysis was conducted with age and IQ as independent variables and SRS total 1 as a dependent variable. As the IQ scores were provided by different instruments, the total scores 2 were standardised across measures and these scores were used in the regression analysis. The 3 regression analysis indicated no significant effects of age or IQ on the SRS scores. Mean T scores and mean raw scores for the CBCL are shown in Table 3 The CBCL competency scores were only available in the school-age CBCL and due to missing data, 1 were only computable for 13 children, of whom 9 (69%) received scores in the clinical range in total 2 competence, 31% (4/13) received scores in the clinical range for activities, 8% (1/14) for social 3 competence, and 31% (4/13) for school competence. 
Discussion 31
The aim of this study was to investigate behaviour, particularly social functioning and sleep, and 32 parental stress in children with MPS-IH. This is the first investigation of these factors in MPS-IH. The 33 current data indicated that 23% of children with MPS-IH had clinically significant difficulties in social 34 functioning likely to cause severe interference with everyday social interactions, with another 36% 1 having similar but less pronounced difficulties. Moreover, the mean SRS score of the school-age 2 MPS-IH group was significantly higher than that reported for typically developing children, and 3 children with MPS-IH were 30 times more likely to receive scores in the severe clinical range than 4 typically developing children. The difference between preschool-age children with MPS-IH and 5 typically developing children did not reach significance, most likely due to the small sample size. 6
These findings indicate that difficulties in social functioning and behaviours are more common in 7 MPS-IH than previously thought. . 28 
29
The parents of children with MPS-IH did not report experiencing stress levels significantly higher 30 than parents of the normative sample, although 26% scored in the clinical range on the PSI-SF. MPS-31 IH is diagnosed in the first few months of life but all the children in the current study had already 32 received HCT; it possible that the parents were coping at this stage, or that they had habituated to 33 the stress after having coped with it over a number of years. Alternatively, the parents might find it 1 difficult to admit their stress. 2 3
Limitations 4
The study was limited by the absence of a control group and also because both the SRS and the CBCL 5 measures required using separate forms for younger and older age groups. Although this allows a 6 wider age range to be studied, it necessitated splitting the data, resulting in an overly small sample 7 for the younger group being used in some of the analyses. 8 
